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ABSTRACT
Over application of phosphorus and the loss of ammonia-nitrogen to runoff and volatilization
have resulted in the buildup of phosphorus in agricultural top soils around the world, and especially in the
United States. Over the past few decades, raising livestock has trended towards the development of the
Confined Animal Feeding Operations (CAFO’s) which produce large volumes of wastes that need to be
treated before being land applied. Nutrient treatment systems have typically focused on one nutrient
singularly: either nitrogen or phosphorus. In order to develop a total nutrient system a phosphorus and
nitrogen system had to be developed and evaluated before combining them to represent a complete
system.
A pilot phosphorus treatment system consisting of hydrated lime precipitation treatment was
evaluated on both an alligator ranch and a dairy parlor research station. An 88% reduction of total
phosphorus in the alligator raising pen wastewater was achieved and a 99% reduction of total phosphorus
was achieved in the dairy parlor wastewater. The system added $0.00197/gal-year when treating the
alligator wastewater and added $0.00033 /gal-year when treating the dairy parlor wastewater.
A pilot nitrogen treatment system consisting of a nitrification reactor utilizing rice hulls as the
bacterial growth media was developed at the lab scale before eventually being implemented in a field
scale nutrient treatment system. The lab scale results showed 50% ammonia oxidation occurring at 30-hrs,
48-hrs, and 48-hrs after commencement of the three experiments. They were encouraging enough to
continue on to total nutrient treatment system development.
A total nutrient treatment system was designed to both remove phosphorus and to keep usable
nitrogen in the wastewater. A 99% reduction in total phosphorus was achieved in a matter of hours and
50% oxidation of the total ammonia was achieved in 5-days and 4-days of treatment in each field-trial.
The total treatment system had the potential to save $2,500 annually in nitrogen kept in solution and not
lost to volatilization and added $1.78 /cow-year in phosphorus recovery through the hydrated lime
treatment.
viii

Key-Words: wastewater, phosphorus, nitrogen, eutrophication, hydrated lime, chemical precipitation,
nitrification, biological filter, rice hull, CAFO, dairy parlor wastewater, alligator wastewater
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CHAPTER 1: EVALUATION OF A PHOSPHORUS
TREATMENT SYSTEM FOR ALLIGATOR AND DAIRY
PARLOR WASTEWATER UTILIZING A HYDRATED
LIME PRECIPITATION SYSTEM
1.1 INTRODUCTION AND BACKGROUND
1.1.1 NUTRIENT OVERUSE
Throughout human history, the most common disposal of animal manure has been land
application of the waste and wastewater in order to help enrich the soils with valuable nutrients that crops
require (Krumpelman, et al., 2005) (Karthikeyan, et al., 2002). In 1998, the United States produced 133
million tons of manure per year, or 13 times more solid waste than human sanitary waste production
(Burkholder, et al., 2007). Manure, as well as most fertilizers have a Nitrogen to Phosphorus ratio (N:P)
of 4:1, which is a notably smaller ratio than what most plants require (Vanotti, et al., 2003) (DeBusk, et
al., 2007) (Ogejo, et al., 2008) (Clark, et al., 1997). Most plants require a N:P ratio of approximately 8:1
(Vanotti, et al., 2003). This means that when manure or fertilizer is applied to crops at agronomic rates for
nitrogen (N) fertilization, up to twice the amount of phosphorus (P) needed is distributed throughout the
fields (Vanotti, et al., 2003) (DeBusk, et al., 2007) (Sheffield, et al., 2010).
Another trend over the past few decades that has contributed to the nutrient build up in fields is
the development of the Confined Animal Feeding Operation (CAFO) (Krumpelman, et al., 2005)
(Burkholder, et al., 2007) (Burns, et al., 2002). In a CAFO large concentrations of animals are kept in
close confines and the holding areas are flushed with water in order to clear the holding areas. This
process creates large amounts of waste water slurry that must be treated before it can be discharged into
neighboring waterways or even be land applied (Krumpelman, et al., 2005) (Burkholder, et al., 2007)
(Burns, et al., 2002). CAFO’s therefore have the potential to produce more waste nutrients than the
surrounding lands are able to utilize due to the extremely high concentration of animals. This means that
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the waste water slurries need to: a) be carefully managed through the development and implementation of
comprehensive nutrient management plans (CNMP), b) be transported off of the farm to lands that can
handle nutrient loading, or c) remove the nutrients from the wastewater slurries so that the wastewaters
can be applied to the land surrounding the CAFO.
If one of these steps is not taken, nutrients will build up, primarily P, and begin to run off into
neighboring surface waters and seep into ground water supplies (Krumpelman, et al., 2005) (J.J. Sherman,
2000) (Burkholder, et al., 2007) (Karthikeyan, et al., 2002). This buildup of nitrogen and phosphorus in
surface waters will lead to eutrophication (Krumpelman, et al., 2005) (Wang, et al., 2006). Eutrophication
leads to large algal blooms and increased populations of aquatic weeds. These sudden increases in
biomass in the surface waters eventually lead to anoxic conditions sometimes resulting in dead zones that
compromise the habitat for invertebrates and vertebrates such as fish and can be harmful to livestock and
humans (Carpenter, et al., 1998) (Sheffield, et al., 2010).

1.1.2 PHOSPHORUS TREATMENT
In order to reduce the effects of eutrophication, 3 techniques of P removal have been developed to
treat livestock wastewaters: physical, biological, and chemical. Physical techniques have proven to be
either too expensive or too ineffective to be effectively used on a large scale. Many CAFO’s place solid
separators in between the flushing operations and the lagoons in order to remove the majority of solids in
the flushed waste water. These physical solids separators currently only remove around 20% of the solids
and 5% of the total phosphorus (TP) from the wastewaters (Krumpelman, et al., 2005). The current solids
removal techniques are simply too inefficient to effectively lower the amount of P that reaches the
environment.
Biological techniques can be effective but produce results that are too variable depending upon
the operating conditions and skill of the operators (Clark, et al., 1997). Biological phosphorus removal,
also referred to as Enhanced Biological Phosphorus Removal (EBPR), relies upon phosphorus
accumulating organisms (PAO) that are capable of accumulating ortho-phosphates in greater amounts
2

than they biologically require to grow (Ogejo, et al., 2008). In EBPR, the wastewater is subjected to a
series of consecutive aerobic and anaerobic treatments that eventually force the P to be accumulated and
removed from the treated waste water. This system of P treatment has produced a P removal of up to
90%, but due to the exact timing required for the treatments and variability of ambient operating
conditions, results can vary wildly for this treatment system (Ogejo, et al., 2008).
However, chemical precipitation of phosphorus from livestock wastewater has produced
extremely promising and consistent results (Clark, et al., 1997) (Vanotti, et al., 2003) (DeBusk, et al.,
2008) (Lee, et al., 2003) (Sheffield, et al., 2010). Chemical nutrient removal depends upon the
effectiveness of three separate steps: coagulation, flocculation, and separation of the flocculants (Kirk, et
al., 2003). The effectiveness of chemical coagulation is dependent upon the coagulant’s ability to increase
the particle size of suspended material so that separation becomes easier and more efficient. Two factors
affect a coagulants ability to increase suspended particle size, charge neutralization and particle
interaction (Kirk, et al., 2003). Charge neutralization is the reason cations such as Ca2+, Al3+, and Fe3+ are
effective coagulants. The higher the cationic charge on a particle, the greater the amount of negatively
charge ions, in this case PO43-, are required to neutralize it. Greater particle interaction is achieved by
combining the coagulant and the waste water in a rapid mixing chamber before allowing settling to occur
(Kirk, et al., 2003).
Flocculation is the physical mixing of the particles that are destabilized during the process of
coagulation. This mixing forms larger floc formation through contact. A longer, and less energetic,
retention time is required for flocculation to occur properly. If the mixing and contact among flocculants
is too energetic, the flocs will not increase in size, therein reducing the effectiveness of nutrient and solids
removal. (Kirk, et al., 2003)
Separation of the flocculants is dependent upon the size and density of the flocs formed; the
larger and denser formed the better. Typically settling is the preferred method of flocculent removal but
other physical methods such as screening have been used (Kirk, et al., 2003).
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Several different chemical removal techniques have been developed in previous studies. Vanotti
et. al. (2003) used MgCl2, NaOH+, as well as polymer addition in order to facilitate precipitation of
struvite (MgNH4PO4∙H2O). Precipitation of P as struvite is a very popular chemical treatment method due
to the fact that not only is P removed in the process, but also ammonia. Struvite has the potential value of
being used in commercial fertilizers for croplands that are P deficient (Burns, et al., 2002) (Bowers, et al.,
2005). In Vanotti’s study in 2003, polymer addition was found ineffective in the removal of soluble P and
was replaced using lime, Ca[OH]2. Vanotti et. al. (2003) achieved removal percentages in the lower 90%
and found that increases in pH affect the soluble P removal in a positive manner (Vanotti, et al., 2003).
Lee et. al. also used magnesium compounds to precipitate struvite but did not achieve the same results
(75% P removal) as Vanotti (Lee, et al., 2003). DeBusk et. al. (2007) used alum, AlCl3, FeCl3, Fe2[SO4]3,
and Ca[OH]2 in combination with polymers to help precipitate phosphate compounds and achieved 90% P
removal from liquid dairy manure.
The chemical P removal technique chosen in these experiments was the technique used
by Sheffield et. al. in south-central Idaho and southeastern Louisiana (Sheffield, et al., 2010). In these
laboratory tests, a varying concentration of 30% hydrated lime (HL) slurry addition, by volume, was used
to treat dairy parlor wastewater. In this process, Ca(OH)2 reacts with the phosphates in the wastewater to
produce the compound Ca3(PO4)2 that then settles out of solution. However, at pH’s above 10 excess
calcium ions react with phosphates producing a compound known as hydroxylapatite (HA) with the
chemical composition of Ca10(PO4)6(OH)2. Due to the high operational pH’s of this process (pH between
10 – 12) the precipitant will be HA and not Ca3(PO4)2.
The process differed from Vanotti et. al. (2003) in the fact that there was no aerobic biological
treatment prior to HL addition. This system was also chosen due to the reduction of fecal coliform
indicator organisms (FCIO) and the intention of investigating the removal of P in a high calcium waste
water environment. Because of the rapid changes in the wastewater pH from near 7 to above 10, there
was a 6-log reduction of FCIO’s when the HL slurry was added directly to raw, dairy parlor wastewater,
and a 5.5-log reduction when added to lagoon effluent. This technique was used because of its efficiency
4

and effectiveness; 83% of total P removed and 99.7% dissolved P removed (Sheffield, et al., 2010). The
operating cost of this system was projected to be $0.06 cow-1 day-1 to achieve and 80% reduction in TP.
The objectives of this study were to 1.) Evaluate a pilot scale hydrated lime treatment system
designed to remove a minimum of 80% of the TP in dairy parlor wastewater, 2.) Evaluate the same
hydrated lime treatment systems performance when applied to alligator ranch wastewater, and 3.)
Evaluate the economics of operating the treatment system on dairy parlor wastewater from a dairy parlor
in southeastern Louisiana and alligator raising pen water on and alligator ranch located in southeastern
Louisiana.

1.2 MATERIALS AND PROCEDURES
1.2.1 PIOLT-SCALE PHOSPHORUS SEPARATOR
1.2.1.1 MIXING BOX
The phosphorus separator consisted of two major components; a mixing box and a clarifier. The
41.64 L (11 gal) mixing box had a 3.8 cm (1 ½ in) drainage hole placed 33 cm (13 in) from the bottom to
allow for proper mixing of wastewater and lime solution. The position of the hole allowed for
approximately 28.39 L (7.5 gal) of wastewater and lime slurry to be held in the mixing box. To facilitate
the mixing of the wastewater and the lime solution a 1/25 HP laboratory mixer was used to help create
turbulence and keep the mixed solution suspended in solution until it reached the clarifier. The impeller
initially provided with the mixer did not produce enough turbulence so it was replaced with a larger
impeller. The uncovered mixing box was placed on a platform 1.32 m (52 in) high in order to allow
proper gravity flow into the separator.

1.2.1.2 CLARIFIER
The clarifier consisted of a 1,324.9 L (350 gal) plastic, conical-bottom tank that had a wooden
ring placed 5.08 cm (2 in) from the top of the clarifier tank. A weir was attached to the wooden ring to
help ensure the removal of solids from the effluent water. The weir resembled a crown, with high points
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of 5.08 cm (2 in) and the low points 2.54 cm (1 in). The mixing box drained into a perforated pipe that
allows for even flow into the separating tank further facilitating the settling out of CaPO4. The solids free
effluent then flowed over the weir and exited the separator through the discharge hose. The solids that
accumulated in the bottom of the separation cone were discharged and collected through a 5.08 cm (2 in)
pipe at the bottom of the cone. The complete phosphorus separator system is shown in Figure 1-1.

1.2.2 FIELD SCALE TESTS
The phosphorus separator was tested on two field sites. The first site was located at Insta-Gator
Ranch and Hatchery located in Covington, LA. The ranch consists of 3 alligator grow out houses that
contained 1,600 alligators total and produced an average of 34,069 L (9,000 gal) of wastewater a day. The
wastewater is drained into a holding pond located behind the houses. A 1,135.06 L (300 gal) holding tank
was filled with the wastewater from the holding pond. It was this reservoir tank that provided the
wastewater for the test. A peristaltic pump was used to pump the wastewater into the mixing box at a rate
of 7.57 L/min (2 gal/min) before entering the settling tank. In this test a differential pH pump was used to
pump a 30% lime solution into the mixing box when the pH dropped below 8 until the pH achieved the
desired pH of 10–11.5. The solids free effluent was drained back into the holding pond once treated. At
the end of the field test three 18.93 L (5 gal) buckets of precipitated sludge were collected and the
remaining volume of the separator was drained into the holding pond.
The second site was located at the Louisiana State University Agricultural Center Southeast Dairy
Research Station in Franklinton, LA. The site contained a 200 head dairy herd of 600 kg (1,400 lb)
Holsteins that were milked in a free stall dairy parlor every day. The cattle were housed in a dairy parlor
and were fed a corn silage-based total mixed ration (TMR) The dairy parlor was rinsed and drained after
each milking session. The dairy parlor was rinsed and drained after each milking session resulting in an
average water usage of 46,000 L/day (12,170 gal/day). The wastewater was passed through a coarse sand
separator in an attempt to remove sand and debris from the wastewater. The wastewater then drained into
a storage sump and pumped twice a day to two anaerobic treatment lagoons.
6
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Figure 1- 1: Phosphorus Separator
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Parlor wastewater for this research was collected from the sump where it was pumped by a
peristaltic pump into the mixing box at a rate of 4.29 L/min (1.13 gal/min). A weight was used to ensure
that the hose leading to the peristaltic pump remained submerged throughout the entire duration of the
test. Due to operational conditions and physical limitations with the differential pH pump, a peristaltic
pump was installed and was set to deliver the 30% HL solution at a rate consistent with the rates delivered
by the differential pump that ensured at least an 80% reduction in total P. This rate was determined to be
30 mL/ min of the 30% HL solution. The solids free effluent was discharged back into the sump once
treated. At the end of the field test, three 18.93 L (5 gal) buckets of precipitated sludge were collected and
the remaining volume of the separator was drained back into the sump.

1.2.3 SAMPLING PROCEDURES
Samples from 3 points in the phosphorus treatment system were collected daily: wastewater inlet,
phosphorus clarifier outlet, and lime. At the end of the trial run, three 18.93 L (5 gal) buckets of solids
were collected when the clarifier was drained. The settled HA was collected, sampled, and analyzed but
the presentation and discussion of these results are not the focus of this paper. The wastewater inlet and
phosphorus clarifier outlet samples provided the information needed to determine the total phosphorus
removed while the lime sampling was done to ensure that a 30% HL mixture was maintained. A flow and
sampling schematic can be found in Figure 1-2.

1.2.4 ECONOMIC ANALYSIS PROCEDURES
To perform the economic analysis, a spread sheet that calculates the total amount of P produced
by each animal was used. The spread sheet calculates the amount of lime required to treat the operation
being examined by using the dosage removal percentages (mL lime/ mL wastewater treated) and the total
volume of water the system uses daily and yearly. The removal percentages are then used to determine
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Sampling Point 1: Wastewater inlet
Sampling Point 2: Phosphorus Clarifier Outlet
Sampling Point 3: Hydrated Lime Solution
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Figure 1- 2: Schematic Drawing of Phosphorus Treatment System
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how much of P would be recovered for each treatment. The amount of P recovered is then multiplied by
$0.39, the price of 1 lb of P2O5, to determine the potential gross revenue generated by the P treatment
system. The cost of lime is determined by multiplying the amount of lime used in tons by $160.00, the
cost of 1 ton of lime. This value is then subtracted from the amount produced by the recovery of P to
discern the potential net revenue gained.

1.3 RESULTS AND DISCUSSION
1.3.1 RESULTS
1.3.1.1 DAIRY PARLOR WASTE WATER
Conical settling tests were performed on dairy parlor wastewater to determine the proper dosage
of HL. The amount of 30% lime solution added to each cone varied from 0 mL to 15 mL. The initial
concentration of total P in the untreated dairy parlor wastewater (0 mL of lime solution added) after 1 hr
of settling was 18.857 mg/L. Each treatment option, 1, 5, 7, 10, and 15 mL 30% lime solution added/L
wastewater, brought the total phosphorus levels to below detectable levels. With the detectable level of
total P being 0.03 mg/L, this means that a minimum of 99% removal was achieved in each treatment. The
complete results of the conical settling tests on dairy parlor wastewater are presented in Figure 1-3
To test the efficiency of the pilot scale phosphorus sedimentation system, samples were taken
from the wastewater inlet and the clarifier outlet on 3 separate occasions. The total P concentrations
recorded at the wastewater inlet ranged from 33.60 mg/L at the highest concentration to 9.03 mg/L at the
lowest concentration. The total P concentrations recorded at the clarifier outlet were below the detectable
levels for the two lowest concentrations. The level detected on the day of highest total P concentration of
the inlet wastewater was 0.07 mg/L. This means that each time greater than 99.6% of the total P was
removed from the wastewater. This differed from the laboratory Imhoff cone study conducted by
Sheffield et. al (2010) which was performed on the same farm. The complete results for the phosphorus
sedimentation system are presented in Figure 1-4.
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HL Solution added /
L of Wastewater12

P Concentration (mg/L)

% Reduction

0 mL/L

18.857

0

1 mL/L

ND

99.84

5 mL/L

ND

99.84

7 mL/L

ND

99.84

10 mL/L

ND

99.84

15 mL/L

ND

99.84

Figure 1-3: Total Phosphorus Reduction in Conical Settling Tests of Dairy Parlor Waste Water
1.
2.

30% solution based on volume
Amount of solution added per liter of wastewater
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Sample Date
9/13/2010
9/13/2010
9/14/2010
9/14/2010
9/15/2010
9/15/2010

Sample Location
WW Inlet
Clarifier Outlet
WW Inlet
Clarifier Outlet
WW Inlet
Clarifier Outlet

P Concentration (mg/L)
33.6
0.07
25.3
ND
9.03
ND

% Reduction
99.79
99.88
99.67

Figure 1-4: Total Phosphorus Reduction in Pilot Scale Tests of Dairy Parlor Wastewater
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1.3.1.2 ALLIGATOR WASTE WATER
Conical settling test were performed to determine the correct amount of lime that was needed to
produce and 80% reduction in total P. One liter of alligator wastewater was placed into 6 separate Imhoff
settling cones. Each cone received a different amount of 30% hydrated lime solution ranging from 0 mL
to 30 mL. The initial total P concentration in the untreated alligator wastewater (0mL of Lime solution
added) after 1 hr of settling was 12.77 mg/L. It was not until 30 mL/L of lime solution was added to the L
of alligator wastewater that an 80% reduction in total P was achieved. Results of the settling tests are
presented in Figure 1-5.
To test the efficiency of the pilot scale phosphorus treatment system, samples were collected from
the wastewater inlet, mixing box, and clarifier outlet and tested for total P concentration. The wastewater
inlet contained 10.43 mg/L total P, the mixing box contained 9.90 mg/L total P, and the clarifier outlet
contained 1.24 mg/L total P. Total P reduction was calculated to be 88.22%. The results of the pilot scale
test are presented in Figure 1-7.

1.3.1.2 ECONOMICAL ANALYSIS
1.3.1.2.1 DAIRY PARLOR WASTEWATER
Since no additional treatment affect was found with increasing HL addition, an economic analysis
using the 1 mL of HL addition was calculated. With a 99% removal and recovery of TP, annual net
earnings of $1,452.13/year were calculated. The treatment of the wastewater added $7.26 of value to each
head of cattle/year. This value equates to a value of $0.00033 to each gallon used each year. Any greater
addition of HL resulted in less and less annual net earnings until eventually at 10 mL of HL solution
added the cost of lime required to perform the treatment became more than the resulting earnings from P
recovered and actually cost money to perform. A yearlong study on the dairy parlor wastewater from this
exact farm was conducted by Moreira (2010) and the TP concentration was found to be 24.80 mg/L.
Using the numbers from the yearlong study it was determined that only $356.09/ year or $1.78/cow-year
would be added using the HL treatment from this experiment. The discrepancy in these two values

13

Total P
Concentration
(mg/L)
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Figure 1-5: Total Phosphorus Reduction in Conical Settling Tests of Alligator Waste Water
1.
2.
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Figure 1-6: Graphical Representation of the Percent Reduction of P via Hydrated Lime Precipitation in Alligator
Wastewater
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Sample Site
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Mixing Box
Phosphorus Clarifier Outlet
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10.53
9.9
1.24

% Removed
0.00
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Figure 1-7: Total Phosphorus Reduction in Pilot Scale Tests of Alligator Waste Water
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Figure 1- 3: Fecal Coliform Reduction in Treated Alligator Wastewater
1.
2.

30% solution based on volume
Amount of solution added per liter of wastewater
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Figure 1-9: Alligator Wastewater Conical Separation Test
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0 mL

demonstrates the importance of having a detailed characterization of the wastewater being treated. Figure
1-10 shows the results of the economic analysis for the dairy parlor examined.
1.3.1.2.2 ALLIGATOR WASTEWATER
In Figure 1-11, the cost and potential net revenue earned for this particular alligator ranch are
listed. The 20 mL/L wastewater treated (72% of TP removed) achieved the most net revenue at $6,654.41
earning only slightly more than the 30 mL/L wastewater treated (81% of TP removed), which earned
$6,476.22 in net revenue. These two treatment options yielded a revenue per alligator per year ($/yearalligator) of $4.16 and $4.05 respectively, meaning that each alligator had an added value of over $4 each
with the addition of this treatment system. These two treatments produced an added value of $0.00203
and $0.00197 per gallon per year ($/gal-year) respectively.
Wastewater from alligator ranches comparable in size to Insta-gator ranch that do not cater to
tourism will achieve greater economic efficiencies due to the higher nutrient concentrations in their
wastewaters. With higher concentrations of TP and solids in the wastewater, smaller volumes of HL per
liter wastewater will be required resulting in greater annual net earnings due to the phosphorus
precipitation system.
1.3.1.2.3 ECONOMIC COMPARISON
From the calculations preformed the HL treatment of dairy parlor wastewater adds more value to
each cattle than the HL treatment of alligator wastewater does to each alligator. This is to be expected due
to the greater efficiency of the treatment system on the dairy parlor wastewater. With higher
concentrations of TP and solids, removal of P is easier in the dairy parlor wastewater. But the HL
treatment of alligator wastewater is more efficient per gallon due to the much lower volume of wastewater
treated.
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Volume of HL
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% TP Removal
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99%
99%
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$983.55
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$1,967.10
$2,950.65
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$6.88
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$
$
$
$
$
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$1,648.84
$1,648.84
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$1,452.13
$665.29
$271.87
-$318.26
-$1,301.81

$7.26
$3.33
$1.36
-$1.59
-$6.51

0.04
0.22
0.31
0.44
0.66

Figure 1- 10: Dairy Parlor Wastewater Economic Analysis
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Figure 1-11: Dairy Parlor Wastewater Economic Analysis
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1.3.2 DISCUSSION
The results achieved in the dairy parlor wastewater tests show that 80% reduction of total
phosphorus using the chemical precipitation method of hydrated lime addition is achieved using relatively
small amounts of hydrated lime slurry, as low as 1 mL HL slurry solution / L wastewater treated but
recommended to be used at a dosing of 5 mL / L wastewater treated. This is due to the high concentration
of fibrous solids found in dairy parlor wastewater as well as the high concentration of TP. These solids
aid in the flocculation of the coagulants formed by the reacting Ca2+ and the PO4- ions by acting as
seeding agents (Kirk, et al., 2003). The results found in this paper reflect the results found in the
laboratory by Sheffield et. al. (2010) and confirm the theory that hydrated lime can effectively and
efficiently remove total P from dairy parlor wastewater on a pilot scale. The dairy parlor evaluated in the
pilot scale experiment was the same dairy parlor evaluated by Sheffield et. al (2010) as well as Moreira et.
al (2010).This satisfies the first objective, to prove that hydrated lime treatment can effectively and
efficiently remove 80% or more of the TP in dairy parlor wastewater.
Sheffield et. al reported an initial TP level of 35.11 mg/L in the dairy parlor sump and Moreira et.
al reported a TP concentration of 24.8 mg/L in the raw wastewater. Both of these two previous studies
tested the exact same dairy parlor wastewater sump used in this study. The varying concentrations of
initial TP witnessed throughout the course of this experiment raise the important issue of the difficulty of
characterizing and normalizing animal waste in terms of nutrient concentrations. Accurate and descriptive
samples as well as proper characterization of wastewaters will lead to more accurate lime applications
during the treatment process and reduce over application of lime. This variation in wastewater
concentrations also stresses the fact that each wastewater treatment system is individual and unique. Each
system follows the same scientific principles, but will have different parameters, flow rates, and lime
application rates. In order to ensure that proper nutrient treatment is achieved, each treatment site must be
tested and rates identified before implementation of any system, pilot or full scale, is finalized.
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In the alligator wastewater system 30 mL HL slurry solution / L wastewater was added to the
system. This large amount of hydrated lime slurry was required to achieve a rate of 80% of removal of TP
due to several factors. First, alligator wastewater has a low concentration of TP as compared to dairy
parlor wastewater. The initial TP for alligator wastewater in the conical test was 12.77 mg/L while the
initial TP concentration for dairy parlor wastewater in the conical test was 18.57 mg/L. With less than
70% of TP found in dairy parlor wastewater, adding the same amount of hydrated lime solution will
produce fewer flocculants, removing a smaller percentage of TP from wastewater in the same period of
time. Secondly, alligator wastewater tested from the alligator ranch contains very few solids.
The lack of solids in alligator wastewater is attributed to three main factors: the relatively few
solids present in alligator waste, frequent flushing of the raising pens, and the large amount of water
volume used per alligator on the farm evaluated. First, the unique diet that these ranch raised alligators
consume plays a significant role in the lack of solids present in the wastewater. The diet consists of high
protein pellet feed that contains up to 60% protein. The feed is placed in the raising pens where the
alligators consume almost all of it so that very few solids resulting from feed pass into the treatment
lagoon. Once consumed, the powerful digestive tract of the alligators breaks down the pellets into an
ammonia rich semi-solid waste. Compared to dairy parlor wastewater, alligator ranch wastewater contains
very few suspended solids. In dairy parlor wastewater these suspended solids aid in the coagulation and
flocculation of calcium phosphate. The lack of solids in alligator wastewater does not assist as much in
the coagulation and flocculation of calcium phosphate as it does in dairy parlor wastewater, leading to
greater differences in inefficiencies in TP reduction. Second, each alligator raising pen is flushed at least
every other day. This is different from most alligator ranches and farms which flush their systems every
3-4 days or more in some instances. This repetitive flushing does not allow for the accumulation of solids,
resulting in poor initial coagulation and flocculation of calcium phosphate. Third, due to the tourist nature
of Insta-Gator Ranch, the staff uses a much larger amount of water in order to clean each raising pen.
Other ranches and farms have been observed to do a much less thorough job cleaning the pens, allowing
for greater microbial growth and solids accumulation within the pens. The thorough cleaning associated
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with Insta-Gator ranch further dilutes the solids concentration down even more, further hindering the
seeding coagulation and flocculation process.
The low concentrations of TP, 10.53 mg/L and 12.77 mg/L, in alligator wastewater also
contributes greatly to why such large volumes of HL slurry are required to achieve the desired removal
efficiencies. The precipitation of phosphates out of solution also acts as seeding agents and flocculants in
the phosphorus sedimentation process. This fact is why HL addition can be effective for wastewater
treatments with relatively low concentrations of solids such as swine wastewaters (Vanotti, et al., 2003).

1.4 CONCLUSIONS
The addition of a hydrated lime solution to livestock wastewater was found to be an efficient and
effective method of removing phosphorus. In wastewaters that contain high concentrations of total
phosphorus and suspended solids such as the waste water from the dairy parlor in this study, removal
rates above 90% and even up to 99% can be achieved with relatively small amounts of lime solution
addition. The suspended solids act as seeding agents for coagulation and the large amount of calcium
phosphate crystals formed further aid in the coagulation and flocculation allowing for greater removal due
to settling.
If the wastewater has a relatively low concentration of total phosphorus and contains relatively
few suspended solids such as the wastewater from the alligator ranch investigated in this study, a much
greater amount of hydrated lime solution is required to remove the same amount of total phosphorus. The
increase in lime required by alligator wastewater to achieve similar percentages of phosphorus reductions
as found in dairy parlor wastewater will result in higher treatment cost per volume of wastewater treated.
For the two sites examined by this study a net annual earnings was achieved using the hydrated
lime sedimentation treatment. Treatment of the dairy parlor wastewater evaluated resulted in a greater
annual value than the alligator ranch wastewater evaluated due to the greater treatment efficiencies and
amount of P recovered. Due to the much larger volume of wastewater treated at the dairy parlor site
though, the treatment of alligator wastewater is more efficient on a per gallon basis with the most efficient
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treatment of alligator wastewater yielding $0.00203 /gal-year and the most efficient treatment of dairy
parlor wastewater yielding $0.000327 /gal-year. However each site is specific in its wastewater
composition and nutrient content. Extensive and descriptive testing of the wastewater is required to
determine the economic viability of hydrated lime sedimentation treatment at each individual site.
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CHAPTER 2: DEVELOPMENT OF A BIOLOGICAL
FILTER UTILIZING ORGANIC GROWTH MEDIA FOR
WASTEWATER TREATMENT AND NITROGEN
OXIDATION
2.1 INTRODUCTION AND BACKGROUND
2.1.1 NUTRIENT OVERUSE
In 2007 in the United States alone there were over 3 million acres of harvested crop land. Of this
harvested crop land, over 90% had some form of commercial fertilizer, soil conditioner, or manure used
to help improve the yield of the crops (USDA, 2009). This is an increase of almost seven million acres
from 2002. Manure as well as most fertilizers have Nitrogen to Phosphorus ratio (N:P) of 4:1, which is a
notably smaller ratio than most plants require (Vanotti, et al., 2003) (DeBusk, et al., 2007) (Ogejo, et al.,
2008) (Clark, et al., 1997). Most plants require a N:P ratio of approximately 8:1 (Vanotti, et al., 2003).
This means that when manure or fertilizer is applied to crops at agronomic rates for nitrogen (N)
fertilization, up to twice the amount of phosphorus (P) needed is distributed throughout the fields
(Vanotti, et al., 2003) (DeBusk, et al., 2007) (Sheffield, et al., 2010). The unutilized P builds up in the
topsoil and eventually begins to run off into the surface waters such as lakes and rivers. Along with P,
other unutilized nutrients such as ammonia-nitrogen (NH3-N) begin to build up in the top soil of cropland.
(Ogejo, et al., 2008) (Wang, et al., 2006) (Lee, et al., 2003)These chemicals build up and are carried to
rivers and lakes primarily through naturally occurring runoff from rain and irrigation (Carpenter, et al.,
1998).
While both P and N can enter the ecosystem through runoff, N can also enter the ecosystem
through NH3-N volatilization and through denitrification (Ndegwa, et al., 2008). Denitrification results in
NH3-N and its other oxidized forms being converted to atmospheric nitrogen (N2) and poses no real
environmental threat (Timmons, et al., 2007). It does however result in the loss of valuable fertilizer
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nitrogen from the waste water (Ndegwa, et al., 2008). Ammonia volatilization on the other hand,
represents both a loss of valuable fertilizer nitrogen as well as a threat to the environment (Ndegwa, et al.,
2008). There are many consequences associated with excessive concentrations of ammonia as well as
nitrite (NO2--N) and nitrate (NO3--N). These consequences include but are not limited to: respiratory
diseases due to high particulate concentrations of aerosol N, contamination of drinking water due to high
concentration of the oxidized forms of N, ecosystem changes due to higher N concentrations in rain
waters and other forms of precipitation, and increased eutrophication of surface bodies of water that result
in decreased water quality parameters and algal blooms (Ndegwa, et al., 2008).
Currently there are two techniques that are undergoing experimentation to help optimize the N:P
ratio in fertilizers and manures. The first and most common technique is to remove P from the
wastewaters using either physical, chemical, or biological means (Clark, et al., 1997). One of the most
efficient and effective removal systems has reported up to 83% of the total phosphorus (TP) and 99.7% of
the dissolved phosphorus (DP) using a burnt lime precipitation (chemical) method (Sheffield, et al., 2010)
(Davis, et al., 2011). The second technique that is used is to increase the amount of usable N in the
wastewaters through nitrification in biological filters. Vanotti et. al. (2003) describes the process of
nitrification as the most efficient and relatively low-cost means of removing ammonia from wastewater
(Vanotti, et al., 2003).

2.1.2 NITRIFICATION
Nitrification is defined as the biological process that results in the successive oxidation of
ammonia (NH3-N and NH4+-N) to nitrite (NO2--N), and then NO2--N to nitrate (NO3--N) (Timmons, et al.,
2007) (Chen, et al., 2006) (Villaverde, et al., 1996) (Company, 2010). Nitrification is performed by
autotrophic bacteria (AB) in a strictly aerobic environment and fall under two distinct categories;
ammonia-oxidizing bacteria (AOB) and nitrite-oxidizing bacteria (NOB) (Timmons, et al., 2007)
(Grunditz, et al., 2001). There are many different species of AOB’s and NOB’s, but the most prevalent
and most important species are Nitrosomonas and Nitrobacter respectively (Timmons, et al., 2007)
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(Chen, et al., 2006) (Grunditz, et al., 2001). Nitrification can be broken down into two separate but
equally important steps: NH3 Oxidation and NO2- Oxidation. Timmons et. all (Timmons, et al., 2007) as
well as Watten et. all (Watten, et al., 2005) described the following chemical equations based upon the
nutrient use for oxidation and bacterial biomass formation for Nitrosomonas and Nitrobacter repectively:

55NH4+ + 5CO2 + 76O2 → C5H7NO2 + 54NO2- + 52H2O + 109H+
Equation 2- 1: Ammonia Oxidation by AOB's
400NO2- + 5CO2 + NH4+ + 195O2 + 2H2O → C5H7NO2 +400NO3- + H+
Equation 2- 2: Nitrite Oxidation by NOB's

2.1.2.2 FACTORS AFFECTING NITRIFICATION
Chen detailed three major categories that influence the effectiveness of nitrification (Chen, et al.,
2006). The first category contains factors that affect the biochemical process of the autotrophic bacteria
(AB) such as pH and temperature. The second category contains factors that affect the supply of nutrients
to the ABs such as dissolved oxygen concentration and overall NH4+-N concentration. The third major
category contains factors that compete directly with the AB for space and nutrients.
2.1.2.1.1 FACTORS AFFECTING THE BIOCHEMICAL PROCESS OF NITRIFYING BACTERIA
Both temperature and pH have large effects on the ability of the AB to metabolize NH4+-N to
NO3--N. Temperature can affect the process of nitrification in two important ways. First temperature
affects AB’s metabolic rates and second temperature affects the amount of free ammonia in solution
(Polanco, et al., 1994). It has been seen in numerous studies that temperatures ranging from 27oC – 30oC
prove to be the optimal temperature for the metabolic process of nitrification to take place in both AOB’s
and NOB’s (Chen, et al., 2006) (Company, 2010) (Polanco, et al., 1994) (Brunty, et al., 2005). At
temperatures above and below this range, metabolic activity begins to slow but nitrification has been
observed at temperatures as high as 35oC (Company, 2010) and as low as 13oC (Saidu, 2009).
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The second way temperature affects nitrification is by changing the concentration of free
ammonia (NH3) in solution. According to Polanco (Polanco, et al., 1994), the concentration of NH3-N in a
solution is a function of both pH and temperature described by the following equation:

[

]

[

]
[

]

Equation 2- 3: Relationship of Temperature and pH on Ammonia

Temperature has a much greater effect on the concentration of NH3 at elevated pHs than lower
ones. The optimal pH for nitrification to occur varies in literature but is between 7.5 -8.5, with
nitrification occurring at pH’s as high as 10 and as low as 6.5. This pH range, in conjunction with optimal
temperatures, allows for the optimal concentration of free ammonia for nitrification to occur. (DeBusk, et
al., 2007) (Chen, et al., 2006) (Villaverde, et al., 1996) (Company, 2010) (Grunditz, et al., 2001)
(Polanco, et al., 1994) (Brunty, et al., 2005) (Tyson, et al., 2007).
2.1.2.1.2 FACTORS AFFECTING THE SUPPPLY OF NUTRIENTS TO NITRIFYING BACTERIA
Due to the high loading of total ammonia-nitrogen (TAN) in most wastewaters, nitrogen
concentration is rarely a limiting step in most industrialized or large scale nitrification treatment
processes. Usually dissolved oxygen (DO) is the limiting factor in a nitrification process (Timmons, et al.,
2007) (Chen, et al., 2006) (Tyson, et al., 2007) (Zhu, et al., 2001) (Michaud, et al., 2006). Most literature
recommends that DO concentration be kept above 1 mg/L to ensure sufficient oxygen is in solution to
allow nitrification to occur (DeBusk, et al., 2007) (Chen, et al., 2006), but concentrations of .3 mg/L have
been reported as achieving nitrification (DeBusk, et al., 2007). Presence of organic carbon places
additional oxygen needs upon the system due to DO depletions, plus organic deposition as well as the
third major factor affecting nitrifying bacteria (Chen, et al., 2006) (Watten, et al., 2005).
2.1.2.1.3 FACTORS THAT COMPETE DIRECTLY WITH NITRIFYING BACTERIA
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Nitrification occurs due to the diffusion of ammonia and nitrite into an active bacterial biofilm.
Biofilms consist of a heterogeneous mixture and composition of both nitrifying bacteria (NB) and
heterotrophic bacteria (HB). HB grow up to five times faster than the AB (Chen, et al., 2006) (Zhu, et al.,
2001). HB rely upon external carbon sources for energy and outcompete AB for space when the
concentration of organic carbon is high enough (DeBusk, et al., 2007) (Chen, et al., 2006) (Zhu, et al.,
2001) (Michaud, et al., 2006). This competition for space can lead to the HB burying the NB underneath
layers of biomass. Even more important than space, HB outcompete AB for dissolved oxygen (DO)
(DeBusk, et al., 2007) (Chen, et al., 2006) (Zhu, et al., 2001) (Michaud, et al., 2006). Nitrification is a
process that requires a relatively large amount of oxygen. For every 1 mg of NH3-N oxidized to NO3-,
4.57 mg of oxygen are consumed (DeBusk, et al., 2007) (Chen, et al., 2006). Without a steady supply of
oxygen to continue nitrification, AB will eventually quit growing, allowing the HB to overrun the AB
colonies, effectively eliminating nitrification in the system (DeBusk, et al., 2007) (Chen, et al., 2006)
(Zhu, et al., 2001) (Michaud, et al., 2006). Effective nitrification is the goal of all biological filters, and
regulation and control of each of these factors will ensure successful nitrification in an operational
biological filter.

2.1.3 BIOLOGICAL FILTERS
Biological filters are filters that utilize the natural nitrification of AB to remove NH4+ from a
system (Timmons, et al., 2007). Biological filters can be divided into many different categories based
upon the type of bacterial growth in the filter, the location of the growth media in attached film filters,
and the type of media of attached film filters (Timmons, et al., 2007). The filters used in the following
experiments are hanging-basket, organic-media, trickling biological filters. This means that rather than
having the filter media in the wastewater solution, such as in floating bead filters or in sand bed filters, the
bacterial growth media is suspended above the reactor volume in a hanging-basket. Trickling biological
filter means that the wastewater will flow from the top of the filter media downward rather than in from
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the bottom of the media upward, as in fluidized bed filters or packed bead filters. Organic-media means
that the bacterial growth media will consists of an organic media rather than the plastic growth beads,
sand, or rocks used in all other fixed film biological filters (Timmons, et al., 2007).
A major problem with biological filters and hanging basket filters in particular is producing even
flow through the media. The media being used plays a major role in the homogeneity of water flow
through the filter media. Filters with large void areas often exhibit non-homogeneous water flow from
the very beginning, but if the waste water is not distributed evenly over a media with a relatively small
void ratio, non-homogeneous flow will occur as well (Odd-Ivar, et al., 1999). Water will flow through the
path of least resistance. If an inlet method deposits water in one area of the filter media, that area will
eventually become a path of lesser resistance and allow for water to flow through a “channel” and not
distribute evenly throughout the filter media. Because of this fact, the delivery method of the waste water
is very important. Some biological filters use up flow systems and fluidized beds to ensure that the
maximum amount of filter media surface area is used (Timmons, et al., 2007). Trickling filters, the
broader category that includes hanging basket filters, do not have this ability. These filters rely upon the
even and equal distribution of water across the top of the media to ensure homogeneous flow. Often times
a nozzle is the ideal water delivery device due to its ability to handle large flows while at the same time
providing equal water distribution (Timmons, et al., 2007).

2.1.3.1 Organic Growth Media
Growth media for biological filters are described by surface area available for bacteria to grow
on, or specific surface area. Specific surface area is the ratio of surface area per unit volume and is
expressed in terms of m2/m3 (Timmons, et al., 2007). Most trickling filters have a specific surface area of
between 150 – 200 m2/m3 (Timmons, et al., 2007). Sand bed filters and bead filters can have specific
surface areas ranging from 45,000 m2/m3 to 800 m2/m3 depending upon how fine the sand and beads are
respectively. The higher the specific surface area of the media, the better the nitrification rate of the filter.
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This is because a media with a high specific surface area has more room for bacteria to grow and provides
more contact points between bacterial biofilms and the filter solution.
For the experiments preformed in this paper rice husks were used as the growth media. The
research conducted during these trials calculated rice husks to have a specific surface area of around
3,671 m2/m3 depending upon the compression and density of the rice husks. The shape of rice husks is
also ideally suited for bacterial growth (Stahl, et al., 2000). Guerdat et. al. describes most modern bead
filter media as a “slightly elongated shape similar to that of a grain of rice.” Rice husks also have
relatively low carbon content, 40% by dry weight, meaning that HB cannot easily use them as a carbon
source (Tiango, et al., 1995). During preliminary testing conducted by the authors, rice husks exhibited
nitrification rates comparable to those of certain synthetic growth media as well as an extremely high
resistance to fouling. Wood chips were also examined as a potential organic growth media however;
extreme fouling and heterotrophic biofilm formation were observed and no further research was
conducted using wood chips. Rice husks are also readily available in bulk as a waste product of the rice
farming industry. All of the factors combined make rice husks suitable biological filter growth media. The
overall research goal was to investigate the efficacy of using rice hulls as an organic nitrification media in
biological filters. The objectives of this study were to 1.) Evaluate the effectiveness of a trickling
biological filter under a high nitrogen loading without clogging due to bio-fouling, 2.) Evaluate the
viability and effectiveness of rice husks as biological growth media in waste water treatment systems,
3.)Evaluate the biological filter’s ability to carry out the complete biochemical reaction of nitrification,
meaning the complete oxidation of ammonia to nitrite to nitrate.

2.2 MATERIALS AND PROCEDURES
To evaluate the effectiveness of rice hulls as a growth media for nitrifying bacteria 3 lab scale
tests were run: a 5 day test with synthetic wastewater, a 10 day test with synthetic wastewater, and a 10
day test with dairy parlor wastewater treated by the P removal process described by Davis et.al 2011 a.
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2.2.1 LAB SCALE TESTS
The lab scale tests were run using six small scale biological reactors that consisted of three main
components; the main reactor body, the filter media basket, and the circulation pump and spray nozzle.
The reactor bodies were constructed using 0.51 m (20 in) sections of a 0.356 m (14 in) diameter
PVC pipe. The bottom of the reactor spaces were sealed shut using circular sections from a 6.4 mm (1/4
in) thick PVC sheet, with holes drilled in the center to allow for connection to the recirculating pumps.
Each reactor held 20 L of wastewater.
The filter media baskets were constructed using 76.2 mm (3 in) long sections of a 0.3048 m (12
in) diameter PVC pipe. The baskets had a threaded rod inserted through the center of the basket to allow
the baskets to be rotated in order to prevent clogging due to aggregation of biofilms. It was essential to
provide unimpeded flow through the media to ensure the most efficient and effective nitrification
possible. On each side of the basket, wire mesh was placed in order to prevent rice hulls from leaving the
filter media basket. The filter media baskets hung approximately 76.2 mm (3 in) above the surface of the
wastewater in the reactor space. Using the average volumetric surface area rice husks, 424m2/ m3, each
basket has approximately 2.4 m2 of rice husks surface area on which nitrifying bacteria can grow.
The recirculation pumps were connected to the reactor spaces at the bottom and pump the
wastewater up above the filter media baskets. The pumps had a pumping capacity of 719 L/hr (190 gal/hr)
resulting in a recirculation time of a little over 3 minutes. The pumps pumped the wastewater through
spray nozzles that have a spray diameter of approximately 0.3048 m (12 in). In order to provide an even
and equal distribution of water across the top of the filter media, the inlet water was forced through a
Mister Landscaper drip irrigation large circle spinner nozzles. These nozzles are designed to provide an
even distribution of water in spray diameter of up to 10 ft. The nozzles consist of a main body through
which the water flows and a spinning cap that rotates around the body allowing the spray of water in 360o.
The nozzles sprayed the water onto the wire-mesh top of the media basket which allowed for even
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distribution of the water. The complete biological reactor as well as each component can be found in
Figure 2-1 through Figure 2-4.

2.2.2 TESTING PROCEDURES
2.2.2.1 CONTAINER STERILIZATION
A dilute bleach solution was run through the pumps and reactors to kill any residual bacteria
remaining in the biological reactors. This was done for several hours to ensure that the system had been
completely cleaned. The same was done to the 208 L (55 gal) plastic drum that stored the synthetic
wastewater mixture. The reactors and drum were then rinsed 3 times to remove any bleach remaining.
Once the final rinsing had been completed, everything was rinsed one last time using de-ionized water.

2.2.3 SYNTHETIC SOLUTION COMPOSITION
The first solution to be tested in the biological reactors was a synthetic waste water solution used
by Saidu (Saidu, 2009)and Wheaton (Wheaton, et al., 1991). The desired concentration of ammonia in the
synthetic solution was 50 mg/L, five times that of Wheaton and ten times that of Saidu, and can be found
in figure 2-5. In order to create the synthetic wastewater 150 L of de-ionized water were pumped into the
sterile 208 L (55 gal) plastic drum. The chemicals were then added to the water and mixed using a
submersible pump to induce turbulence and mixing in the drum. Once the solution was sufficiently mixed
20 L were placed into each sterile biological reactor and an initial sample was taken from the synthetic
wastewater. The recirculation pumps were then initialized and the solution began to be pumped over the
media basket.
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Figure 2- 1: Complete Biological Reactor
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Figure 2- 2: Reactor Body

36

Figure 2- 3: Filter Media Basket
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Figure 2- 4: Circulation Pump and Spray Nozzle
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Compound

Concentration (mg/L)

NaHCO3

1000

K2HPO4

150

CaCl2

150

NH4Cl

50 (as N)

MgSO4∙7H2O

1000

FeCl3∙6H2O

50

Figure 2- 5: Synthetic Wastewater Composition
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2.2.4 SAMPLING PROCEDURES
For the first bench scale tests the synthetic wastewater was used. Samples were taken from each
reactor every 6 hours for a five day period after the initial filling of the reactors. The samples were stored
in a freezer up to the date of testing to reduce the biological activity so that the NH3-N, NO2--N, and NO3-N concentrations would more accurately represent the concentrations in the biological reactors at the time
of sampling. The samples were then tested for NH3-N, NO2--N, and NO3--N at the LSU AgCenter’s W.A.
Callegari Environmental Center for testing. The pH of each biological reactor was recorded at each
sampling interval using Oakton Waterproof pH Testers 20 pH meter.
The second bench scale tests also used the synthetic waste water. Samples were taken every
twelve hours for a ten day period after the initial filling of reactors. The samples were stored in the same
fashion as previously described until they could be tested. These samples were tested for NH3-N (method
10031), NO2--N (method 8153), and NO3--N (method 10020) using test kits from Hach Company.
The final bench scale tests were performed using actual wastewater that had undergone the
phosphorus treatment as described by Davis et. al. 2011 a. Samples were taken every day for ten days and
stored in the same fashion as previously described. These samples were also tested using the
recommended test kits from Hach Company used for the previous bench scale testing.

2.2.5 STATISTICAL ANALYSIS
Statistical analysis was done by comparing the sampling period average concentration reductions
of NH3-N in 10 day synthetic wastewater lab scale test and the 10 day dairy parlor wastewater lab scale
test, meaning that the average concentration reduction of NH3-N at hour 24 of the synthetic wastewater
test was compared to the average concentration reduction of NH3-N at hour 24 of the dairy parlor
wastewater test. The comparison was done by performing paired T-tests with both equal and unequal
variances in Excel.
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2.3 RESULTS AND DISCUSSION
2.3.1 RESULTS
2.3.1.1 SYNTHETIC WASTE WATER
2.3.1.1.1 5 DAY TEST

In the 5 day lab scale test the initial concentrations of NH3-N were much lower than expected
with the lowest initial concentration occurring in reactor 5 at 2.56 mg/L and the highest occurring in
reactor 3 at 5.98 mg/L. This occurred due to improper mixing of the synthetic wastewater that resulted in
a precipitate forming. Ammonia oxidation to NO2--N was witnessed from the beginning of the
experiment. Nitrite oxidation to NO3--N was not observed during the course of the experiment.
The 5 day synthetic wastewater test was divided by temperature of the wastewater in each reactor
body. Heaters were placed in the reactor bodies of the lab scale reactors in order to maintain temperatures
at 20oC, 26oC, and 30oC. Statistical analysis of the reactor temperatures showed no significant difference
(α= 0.05) in removal rates with 50% NH3-N in each reactor being removed in between 30 and 36 hrs after
the start of the experiment. Although this experiment showed no difference in NH3-N conversion rates
due to temperature differences, many studies show that higher temperatures do increase the rate of NH3-N
conversion in a positive way (Saidu, 2009) (Polanco, et al., 1994). Figure 2-6 displays the graph of the
NH3-N and NO2--N concentrations recorded during the 5 day lab scale test using synthetic waste water at
each temperature.
The nozzle in reactor 2 clogged on the second day of testing, at the 30 hr mark, and had to be
replaced. Due to mechanical failures that caused the thermometers to fail, temperature variations were
only used in the 5 day lab scale experiments.
2.3.1.1.2 10 DAY TEST
In the 10 day lab scale test the initial NH3-N concentrations were lower than projected, but were
closer to the target goal of 50 mg/L than the 5 day synthetic wastewater test. The highest initial NH3-N
concentration occurred in reactor 3 at 36.58 mg/L with the lowest occurring in reactor 5 at 29.59 mg/L.
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5 Day Lab Scale Synthetic Wastewater Test
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Figure 2- 6: 5-Day Lab Scale Test Utilizing Synthetic Waste Water
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Ammonia oxidation was witnessed from the beginning of the experiment and continued until the seventh
day (168 hrs after the commencement of the experiment), when the NH3-N levels became too low to
detect. 50% NH3-N removal was achieved 48 hrs into the experiment and 90% removal was achieved 96
hrs into the experiment. Nitrite oxidation was observed on the ninth day (204 hrs after the commencement
of the experiment), when the NO3--N concentrations began to rise to detectable levels. Figure 2-7 displays
the graph of the NH3-N, NO2--N, and NO3--N concentrations recorded during the course of the 10 day lab
scale test using synthetic waste water.
2.3.1.1.3 PHOSPHORUS TREATMENT EFFLUENT
In the 10 day dairy parlor waste water experiment, the initial NH3-N values ranged from 39.43
mg/L in reactor 4 to 42.54 mg/L in reactor 2. Ammonia oxidation occurred from the beginning of the
experiment. 50% NH3-N removal was achieved 48 hrs into the experiment and 90% NH3-N removal was
achieved after 144 hrs of experimentation. Nitrite oxidation began to occur between 96 hrs – 120 hrs after
the initiation beginning of the experiment. At this point NO2--N concentrations began to drop slowly but
noticeably, while NO3--N concentrations began to increase. Nitrite concentration peaked 144 hrs after the
beginning of the experiment at 106.88 mg/L. By the end of the experiment, an 18.48% reduction in NO2-N concentration was observed, from 106.88 mg/L down to 87.13 mg/L. By the end of the experiment
NO3--N concentrations rose from O mg/L to 33 mg/L. Figure 2-8 displays the graph of the NH3-N, NO2-N, and NO3--N concentrations recorded during the course of the 10 day lab scale test using phosphorus
treatment effluent.
2.3.1.1.4STATISTICAL ANALYSIS
Using an α-value of 0.05 paired T-test that compared every 24 hour sampling average were
compared. At hours 24, 72, and 144 the reductions in NH3-N concentration in the 10 day synthetic
wastewater lab scale test and the 10 day dairy parlor wastewater lab scale tests were determined to be
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Figure 2- 7: 10-Day Test Utilizing Synthetic Waste Water
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Figure 2- 8: 10-Day Test Utilizing Phosphorus Treatment Effluent
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200

statistically similar. Every other mean concentration reduction of NH3-N was determined to be
statistically different. Figures 2-9 and 2-10 show the results of the tests.

2.3.2 DISCUSSION
Complete oxidization of NH3-N into NO3--N, did not occur in the time frames examined during
this study. However the purpose of oxidizing NH3-N into NO2--N was to convert the NH3-N into a stable
form of N that would not volatize and be lost from the wastewater to the atmosphere. This was achieved
through the rapid conversion of NH3-N to NO2--N, thus conserving the volatile N within the wastewater.
Typically high concentrations in NO2-N may mean that a biological filter is about to “crash”, or that the
bacterial population is no longer alive and that the filter is on the verge of failure (Timmons, et al., 2007).
But in this instance, the presence of high NO2--N concentrations immediately after NH3-N concentrations
dropped indicates that a partially mature biofilm was present in the filters.
In the 5 day lab scale test using synthetic waste water, NO2--N oxidation was not observed.
Although NO2--N concentrations began to decline slightly on the fifth day, NO3--N values never rose
above their initial values to detectable levels. Therefore the media baskets containing the rice hulls did not
contain a mature biological filter. This can be due in part to the inoculation process of the rice hulls.
Because the rice hulls were inoculated with only ammonia (NH4Cl), the AOB’s had a greater advantage
over the NOB’s to establish a population in the biofilm.
It was not until the experiments were extended to 10 days, and the NH3-N concentration became
depleted that nitrite oxidation was observed. Again, the initial advantage the AOB’s had over the NOB’s
allowed for the nitrite concentrations to rise at the beginning of the experiments, but eventually the NH3N became depleted and more and more NO2--N diffused into the biofilms. This allowed for the NOB’s to
begin to establish a mature population and oxidize the NO2--N. Because NO2--N spiked considerably and
it was several days until the concentration began to decline, it means the biofilms that began the lab scale
experiments were not initially mature biofilms. However, if the experiments were to have continued, the
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Two-Sample t-Test Assuming Equal Variances
Sampling Synthetic Wastewater1 Dairy Parlor Wastewater1
Hour
Mean
Variance
Mean
Variance
24
11.6333
4.8679
10.4483
0.2847
48
9.0833
3.4631
11.5417
0.8962
72
6.6183
0.7581
6.2417
0.1599
96
2.5200
0.0577
4.5183
0.1294
120
2.1733
0.0177
3.7250
0.2921
144
0.8050
0.0290
1.2567
0.3796
168
0.0850
0.0010
2.6100
0.2245
192
0.0000
0.0000
0.2167
0.0083
216
0.0000
0.0000
0.2000
0.0152
240
0.0000
0.0000
0.0433
0.0005

Pooled Variance
2.5763
2.1797
0.4590
0.0935
0.1549
0.2042
0.1127
0.0041
0.0076
0.0003

Hypothesized Mean
Difference
0
0
0
0
0
0
0
0
0
0

Degrees of
Freedom
10
10
10
10
10
10
10
10
10
10

t Stat (α = t Critical P(T<=t)
0.05)
two-tail two tail
1.2787
2.2281
0.2299
-2.8841
2.2281
0.0162
0.9629
2.2281
0.3583
-11.3165
2.2281 5.06E-07
-6.8280
2.2281 4.58E-05
-1.7308
2.2281
0.1141
-13.0254
2.2281 1.35E-07
-5.8371
2.2281
0.0002
-3.9736
2.2281
0.0026
-4.7156
2.2281
0.0008

Figure 2- 9: Two-Sample T-test Results Assuming Equal Variances Comparing Synthetic Wastewater and Dairy Parlor Wastewater Mean Concentration Reduction
1.

6 observations in population
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Two-Sample t-Test Assuming Unequal Variances
1

Sampling Synthetic Wastewater
Hour
Mean
Variance
24
11.6333
4.8679
48
9.0833
3.4631
72
6.6183
0.7581
96
2.5200
0.0577
120
2.1733
0.0177
144
0.8050
0.0290
168
0.0850
0.0010
192
0.0000
0.0000
216
0.0000
0.0000
240
0.0000
0.0000

Dairy Parlor Wastewater1 Hypothesized Mean
Difference
Mean
Variance
10.4483
0.2847
0
11.5417
0.8962
0
6.2417
0.1599
0
4.5183
0.1294
0
3.7250
0.2921
0
1.2567
0.3796
0
2.6100
0.2245
0
0.2167
0.0083
0
0.2000
0.0152
0
0.0433
0.0005
0

Degrees of Freedom

t Stat (α = 0.05)

6
7
7
9
6
6
5
5
5
5

1.2787
-2.8841
0.9629
-11.3165
-6.8280
-1.7308
-13.0254
-5.8371
-3.9736
-4.7156

t Critical
two-tail
2.4469
2.3646
2.3646
2.2621
2.4469
2.4469
2.5706
2.5706
2.5706
2.5706

P(T<=t)
two tail
0.24822
0.0235
0.3677
1.27E-06
0.000048
0.1342
4.76E-05
0.0021
0.0106
0.0053

Figure 2- 10: Two-Sample T-test Results Assuming Unequal Variances Comparing Synthetic Wastewater and Dairy Parlor Wastewater Mean Concentration Reductions
1.

6 observations in population
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biofilms would have become mature and spikes of NO2--N would decrease until they were almost
undetectable.
The inoculation techniques of the rice hulls prior to experimentation offer an explanation to why
mature biofilms had not developed on the rice hulls. Each batch of rice hulls was inoculated for two
months prior to experimentation in hopes of achieving a mature biofilm. During this inoculation process,
the rice hulls here kept in a 35 gallon container filled with water. An air pump supplied approximately 32
ft3 air/hr through two large air stones to ensure that the entire system was aerobic. The bubbling action
from the air stones caused significant turbulence throughout the entire container, mixing the bed in the
process. This constant mixing may have sheared off the majority of the biofilm that would have attached
to the surface of the rice hulls, meaning that the majority of rice hulls most likely had immature biofilms
attached to them at the beginning the experiments. Because NO2--N oxidation did occur at the end of the
both of the 10 day lab scale tests, it is evidence that a mature biofilm was beginning to develop. Had the
experiments continued, a fully matured biofilm would have eventually developed, causing both the NH3N and NO2-N levels to decrease to near 0 mg/L and the NO3--N levels to increase.
In order to cultivate a fully mature biofilm prior to experimentation, the inoculation process must
be altered. Primarily the turbulence produced by the air supply must be reduced. This can be done by
increasing the number of diffusers used to supply air to the system and implementing a check valve to
control the volume of air coming through the system. The implementation of these two improvements
will help to aid the cultivation of a fully mature biofilm.
The trickling biological filter was found to resist bio-fouling under high N. Due to the lack of
organic loading in both the synthetic waste water and the phosphorus treatment effluent (Davis, et al.,
2011), heterotrophic bacteria did not have a sufficient carbon source to produce any significant biomass
that would in turn clog the filter. This allowed for the waste water to flow without obstruction through the
media basket, allowing nitrification to occur.
Rice hulls were found to be a viable and effective bacterial growth media in biological filters.
Each of the four experiments experienced NH3-N oxidation from the beginning of the experiment. This
49

suggests that AOB’s form biofilms on the surfaces of the rice hulls and stay anchored to those surfaces
throughout the course of their lifetimes. Degradation of the rice hulls were not observed in any of the
biological filters during experimentation and in the months following experimentation. This means that
the rice hulls were not being used as a carbon source for bacterial biomass production. Because the rice
hulls did not degrade over time, they proved to be viable, long term growth media for biological filters.
The resistance to degradation exhibited by rice hulls can be attributed to the composition if the rice hulls.
Rice hulls contain lignin, cutin, and insoluble silica in its cellular composition. Rice hulls also have a
comparatively low concentration of cellulose in their cellular composition (Juliano, et al., 1987). The low
concentration of cellulose as well as the presence of silica does not provide a viable food source for
heterotrophic bacteria, therefore inhibiting the breakdown of the rice hulls by bacteria.
The statistical analysis performed showed that at the beginning of the experiments the biofilters
removed the same amount of NH3-N from the wastewater solutions. This means that while removal rates
varied toward the end of the experiments, the filters performed similarly while NH3-N was not the
limiting reagent in both wastewater solutions. The fact that the dairy parlor wastewater lab scale test
began with a higher concentration of NH3-N means that the removal amounts toward the end of the
experiments will be greater because there is more NH3-N to remove.

2.4 CONCLUSION
The trickling biological filter did not fail or clog due to bio-fouling over the duration of the entire
study. Due to the absence or organic carbon in both the synthetic wastewater and in the phosphorus
treatment effluent, heterotrophic bacteria did not have a sufficient carbon source to grow from. This
prevented the growth of heterotrophic biofilms, the main cause of bio-fouling in biological filters. This
demonstrates that trickling filters can be used for wastewater treatment processes that exhibit high NH3-N
concentrations once the organic solids are removed.
Rice hulls were found to be a viable biological filter growth media. The availability and durability
of rice hulls make them cheap, long lasting filter media, while their shape (elongated with a concave
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section that allows shelter for biofilms to develop), high specific surface area (3,671 m2/m3), and
resistance to heterotrophic bacterial degradation due to the presence of silica make them effective
bacterial growth media. They were also found to preform comparably in both synthetic wastewater was
well as actual dairy parlor wastewater in terms of NH3-N removal as long as NH3-N is not the limiting
reagent. The statistical analysis preformed determined that the initial removal values were similar in both
ten day long experiments.
Collectively, trickling biological filters that utilize rice hulls as bacterial growth media can
effectively oxidize NH3-N into a stable form, inhibiting volatilization and conserving the nitrogen. Once
the N is conserved into a stable from that will not off-gas into the atmosphere, land application can be
more effective and efficient in terms of crop utilization and needs.
The results achieved in both the ten day synthetic wastewater and the ten day dairy parlor
wastewater tests are favorable to continue the experimentation with a pilot-scale field evaluation of a
hanging-basket, trickling filter.
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CHAPTER 3: EVALUATION OF A PILOT SCALE
PHOSPHORUS AND AMMONIA TREATMENT SYSTEM
FOR DAIRY PARLOR WASTEWATER
3.1 INTRODUCTION AND BACKGROUND
The most common means of utilizing animal waste and animal wastewater has been to apply it to
agricultural lands. This action has historically served two purposes: disposing of waste products produced
by farm raised animals and enriching the soil with the nutrients plants require (Krumpelman, et al., 2005)
(Karthikeyan, et al., 2002). In 2007, it was recorded that over 90% of the 3 million acres of harvested crop
land used some sort of commercial fertilizer, soil conditioner, or animal manure to assist in the production
and increase the yield of crops (USDA, 2009). In 1998, the United States alone produced 133 million tons
of manure per year (Burkholder, et al., 2007).
The two major nutrients contained in animal wastes and fertilizers are phosphorus (P) and
nitrogen (N). Most animal wastes and fertilizers have N to P ratio (N:P) of 4:1 while plants require a N:P
of 8:1 (Clark, et al., 1997) (DeBusk, et al., 2008) (Vanotti, et al., 2003). When manure or fertilizer is land
applied at rates to meet the N requirements, twice the required amount of P is applied to the land leading
to the increase in P concentrations in the top soil (DeBusk, et al., 2008) (Sheffield, et al., 2010) (Vanotti,
et al., 2003).
A second factor that contributes to the buildup of P in the top soil is found in the method of
raising livestock. The predominant method of raising livestock has become the operation of Confined
Animal Feeding Operations (CAFO’s) (Burkholder, et al., 2007) (Burns, et al., 2002) (Krumpelman, et
al., 2005). Confined dairy operations produce tremendous amounts of waste that are typically flushed out
with water, producing extremely large amounts of wastewater slurry. Due to the high concentration of
cattle on these farm in CAFO’s, the wastewater slurries need to be land applied at an agronomic rate
using a combination of three treatment options: a) careful management through the development and
implementation of a comprehensive nutrient management plan (CNMP), b) transport the wastewater off
the surrounding land and deposit it in nutrient deficient sites, or c) treat the wastewater slurry to remove
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excess P so that it can be applied to areas surrounding the CAFO’s. If none of these actions are performed
at a CAFO, P concentrations will increase in the top soil.
Once the soil becomes saturated with P compounds, P will runoff into surrounding surface waters
and may begin to seep into shallow ground water (Krumpelman, et al., 2005) (J.J. Sherman, 2000)
(Burkholder, et al., 2007) (Karthikeyan, et al., 2002). This buildup of P in surface waters can lead to
eutrophication, where the excess nutrients present in the waters lead to large algal blooms and increased
populations of aquatic weeds (Krumpelman, et al., 2005) (Wang, et al., 2006). This sudden increase in
biomass produces anoxic conditions due to the sudden increase in oxygen demand, rendering these bodies
of water useless to fisheries and potentially harmful and dangerous to livestock and people (Carpenter, et
al., 1998).
Nitrogen is the second major nutrient found in CAFO wastewaters and slurries. Inorganic N
occurs in three primary forms: ammonia (NH3 - N), nitrite (NO2- - N), and nitrate (NO3- - N). Ammonia is
the most prevalent form of inorganic N in agricultural wastewater, and when introduced to aquatic
environments is lethal to fish and other aquatic species (Timmons, et al., 2007). N has the ability to enter
the environment through NH3-N volatilization and denitrification as well as surface run off (Ndegwa, et
al., 2008). Denitrification is the biological process performed by facultative heterotrophic bacteria that
converts NO3- - N to atmospheric nitrogen (N2) (Company, 2010). Denitrification poses little to no threat
to the environment because its end product is N2, but does represent a loss of nitrogen that can be useful
in the process of fertilization (Timmons, et al., 2007). Ammonia volatilization occurs when NH3 - N
naturally off gasses into the atmosphere and represents both a significant loss of fertilizer nitrogen as well
as a threat to the environment (Ndegwa, et al., 2008). Ammonia that enters the environment due to top
soil accumulation and surface water runoff poses a threat to the immediately surrounding bodies of water,
but NH3 - N that enters the atmosphere poses a possible environmental threat to a much larger area
(Ndegwa, et al., 2008).
There are many consequences associated with excessive concentrations of NH3 - N as well as
NO2- - N and NO3- - N. These consequences include respiratory diseases due to high particulate
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concentrations of aerosolled N, contamination of drinking water due to high concentration of the oxidized
forms of N, ecosystem changes due to higher N concentrations in rain waters and other forms of
precipitation, and increased eutrophication of surface bodies of water that result in decreased water
quality parameters (Ndegwa, et al., 2008).
Currently there are two techniques being used to help optimize the N:P ratio in fertilizers and
manures. The first technique is to remove P from the wastewaters using either physical, chemical, or
biological means (Clark, et al., 1997). One of the most effective removal systems have reported up to
83% removal of total phosphorus (TP) and 99.7% removal of dissolved phosphorus (DP) is a chemical
precipitation method using hydrated lime (HL), Ca3(PO4)2, as the chemical reactant (Sheffield, et al.,
2010) (Davis, et al., 2011). The second technique that is used is to increase the amount of usable N in the
wastewaters through nitrification in biological filters. Vanotti et. al. (2003) describes the process of
nitrification as the most efficient and relatively low-cost means of removing ammonia from wastewater
(Vanotti, et al., 2003). This study combines both treatment approaches to produce a total nutrient
treatment system for dairy parlor wastewater.
The phosphorus treatment used in the following experiments consisted of a HL precipitation
treatment that facilitated the precipitation calcium phosphate (Ca3(PO4)2) or similar compounds. The
pilot-scale phosphorus separator consisted of a 208 L (55 gal) drum used to store a prepared HL slurry, an
industrial mixer for the hydrated lime slurry, a hydrated lime slurry pump, a 42 L (11 gal) mixing box, a
laboratory mixer for the mixing box, a 1,325 L (300 gal) clarifier, and a wastewater pump. The two major
components were the mixing box and the clarifier.
Nitrogen treatment was achieved through the use of a hanging basket trickling filter that
facilitated the oxidation of ammonia (NH3-N) to nitrate (NO3--N) through the biological process of
nitrification. Rice hulls were used as the bacterial growth media marking the first time that an organic
growth media was used to facilitate the biochemical process of nitrification.
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3.2 METHODS AND MATERIALS
The total nutrient treatment system consisted of two distinct component systems: the pilot-scale
phosphorus reactor and the nitrogen reactor.

3.2.1 PILOT-SCALE PHOSPHORUS SEPARATOR
The chemical P removal technique chosen in these experiments was the technique used
by Sheffield et. al. in south-central Idaho and southeastern Louisiana (Sheffield, et al., 2010). In these
laboratory tests, a varying concentration of 30% hydrated lime slurry addition, by volume, was used to
treat dairy parlor wastewater. In this process, Ca(OH)2 reacts with the phosphates in the wastewater to
produce the compound Ca3(PO4)2 that then settles out of solution. However, at pH’s above 10 excess
calcium ions react with phosphates producing a compound known as hydroxylapatite (HA) with the
chemical composition of Ca10(PO4)6(OH)2. Due to the high operational pHs of this process (pH between
10 – 12) the precipitant will be HA. As mentioned previously the pilot-scale phosphorus treatment system
consisted of two major components: the mixing box and the clarifier.
The phosphorus separator consisted of two major components; a mixing box and a clarifier. The
42 L (11 gal) mixing box had a 3.8 cm (1 ½ in) drainage hole placed 33 cm (13 in) from the bottom to
allow for proper mixing of wastewater and lime solution. The position of the hole allowed for
approximately 28.39 L (7.5 gal) of wastewater and lime slurry to be held in the mixing box. To facilitate
the mixing of the wastewater and the lime solution a 1/25 HP laboratory mixer was used to help create
turbulence and keep the mixed solution suspended in solution until it reached the clarifier. The impeller
initially provided with the mixer did not produce enough turbulence so it was replaced with a larger paint
stirrer. The mixing box was placed on a platform 1.32 m (52 in) high in order to allow proper gravity flow
into the separator.
The clarifier consisted of a 1,325 L (350 gal) plastic, conical-bottom tank that had a wooden ring
placed 5.08 cm (2 in) from the top of the clarifier tank. A weir was attached to the wooden ring to help
ensure the removal of solids from the effluent water. The weir resembled a crown, with high points of
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5.08 cm (2 in) and the low points 2.54 cm (1 in). The mixing box drained into a perforated pipe that
allows for even flow into the separating tank further facilitating the settling out of HA. The solids free
effluent then flowed over the weir and exited the separator through the discharge hose. The solids that
accumulated in the bottom of the separation cone were discharged and collected through a 5.08 cm (2 in)
pipe at the bottom of the cone. Figure 3-1 shows the mixing box and clarifier that form the phosphorus
separator system.

3.2.2 NITRIFICATION REACTOR
The nitrification reactor consisted of three major components: the reactor body, the media basket
with media, and the recirculation pump and nozzle. The reactor body consisted of a 1,134 L (300 gal)
water tank that had been slightly modified to allow for the media basket to be placed on top. The media
basket consisted of a plastic, 208 L (55 gal) drum that had holes in its bottom so that water could drain
out. The bottom was also covered in a fine mesh to stop the media from leaving the media basket and
possibly causing clogging issues in the system.
The growth media consisted of rice hulls gathered from the preparation of rice grains. The rice
hulls were stored in a 129 L (34 gal) container that was equipped with an air source to prevent anaerobic
conditions from developing and two 60 watt marine heaters set at 78oC to maintain the water temperature
close to the optimal temperature for nitrification (Timmons, et al., 2007). Ammonium chloride was added
to the container daily to facilitate the development of a nitrifying biofilm.
The circulation pump and spray nozzle consisted of a ¼ hp sump pump that had a flow rate of
6,270 L/hr (1,620 gal/hr) at 3.048 m (10 ft) of lift resulting in a recirculation time of slightly over 7
minutes as well as a Spraying Systems FullJet HH50WSQ Nozzle (Humphry, et al., 2002) to allow for
even distribution of wastewater over the media bed. Figure 3-2 shows the complete nitrification system.
The nitrification system is described in greater detail in Davis et. al. (2011b).
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3.2.3 OPERATIONAL PROCEDURES
The pilot-scale treatment system was tested at Louisiana State University Agricultural Center
Southeast Dairy Research Station in Franklinton, LA. The site contained a 200 head dairy herd of 636 kg
(1,400 lb) Holstein cattle that were milked twice daily. The cattle were housed in a dairy parlor and were
fed a corn silage-based total mixed ration (TMR) The dairy parlor was rinsed and drained after each
milking session resulting in an average water usage of 46,000 L/day (12,170 gal/day). The wastewater
was then passed through a coarse sand separator in an attempt to remove the majority of the sand, trash
and large solids contained in the wastewater. The wastewater then drained into a wastewater storage sump
and pumped twice a day to an anaerobic treatment lagoon.

3.2.3.1 TREATMENT SYSTEM OPERATION
The wastewater was pumped from the sump into the mixing box at a rate of 4.29 L/min (1.13
gal/min) using a peristaltic pump. A weight was used to ensure that the hose leading to the peristaltic
pump remained submerged throughout the entire duration of the test. A smaller peristaltic pump was used
to pump the 30% HL solution into the mixing box at a rate based on mixing and settling test. A rate of 30
mL/min was determined to provide an 80% reduction in total P and was chosen as the desirable rate of
delivery. The solids free effluent then drained into the biological filter’s reactor body until it was filled.
Once the reactor body was filled, the treated wastewater drained back into the sump. The pH of the
solution in the phosphorus clarifier is designed to be around 10.5. This is the ideal pH for P precipitation
using hydrated lime, but the high operational pH increases the potential for NH3-N volatilization.
The reactor body of the nitrification system was filled with 757 L (200 gal) of the phosphorus
separator effluent. Once filled, the reactor effluent, which had a pH between 10.5 and 12, the chemical
Granular pH Minus Balance was added to lower the pH to between 8 and 9. The active ingredients
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present in Granular pH Minus Balance are sulfuric acid monosodium and disodium salt. Once the pH
reached the optimal levels, a sump pump was turned on and the system was allowed to circulate
continuously.

3.2.4 SAMPLING PROCEDURES
Samples from 4 points in the phosphorus treatment system were collected daily: wastewater inlet,
phosphorus clarifier outlet, hydrated lime solution, and the HA precipitate. Figure 3-3 contains a flow and
sampling schematic. The pH at each sampling point was recorded at the time of sampling. At the end of
the trial run, three 18.93 L (5 gal) samples of HA solids were. The wastewater inlet and phosphorus
clarifier outlet samples provided the information needed to determine the total phosphorus removed while
the lime sampling was done to ensure that a 30% HL mixture was maintained. The system was allowed to
run continuously prior to, during, and after sampling was performed to ensure accurate and representative
results were recorded.
Samples were taken and the pH was recorded from the nitrification system reactor body daily
during two, nine-day-long field trials. These systems were operated as batch systems rather than
continuously to ensure the oxidation of NH3 - N to NO2- - N. The samples were then taken for NH3-N,
NO2--N, and NO3--N to the LSU AgCenter’s W.A. Callegari Environmental Center for testing.

3.3 RESULTS AND DISCUSSION
3.3.1 RESULTS
3.3.1.1 PHOSPHORUS
An initial conical settling test was performed to determine which concentration would most
efficiently produce an 80% reduction in TP of the dairy parlor wastewater. Six amounts of HL solution
were added to 1 L of wastewater varying from 0 mL to 15 mL, with 0 mL acting as the control. The initial
concentration of TP in the untreated dairy parlor wastewater (0mL HL solution added to the 1 L of
wastewater) after mixing and a 1 hr settling period was 18.857 mg/L. Each treatment option 1, 5, 7, 10,
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Figure 3- 3: Schematic Drawing of Phosphorus Treatment System
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and 15 mL 30% lime solution added/L wastewater brought the total phosphorus levels to below
detectable levels. With the detectable level of total P being 0.03 mg/L, this means that a minimum of 99%
removal was achieved in each treatment. The complete results of the Imhoff conical settling tests on dairy
parlor wastewater are found in Figure 3-4.
The initial TP concentrations in the raw wastewater were 33.60 mg/L, 25.30 mg/L, and 9.03
mg/L. The TP concentrations of the phosphorus clarifier outlet samples were 0.07 mg/L and below
detectable levels (0.03 mg/L) for the other two samples (Table 3.2). Assuming that the TP concentration
is just beneath the lowest detectable level in the other two samples, the smallest percent reduction of TP
occurred in the third sample which had 9.03 mg/L of initial TP. This equates to a 99.67% reduction in TP.
An extensive year-long study conducted by Moreira et. al (2010) characterized the wastewater coming
from the dairy parlor at the Southeast Louisiana Dairy Research Station in Franklinton, LA. The average
TP concentration in the raw parlor wastewater was determined to be 24.80 mg/L. With a 99.67% removal
and capture of TP and assuming the price of $0.39/lb P2O5 and the price of $160/ton Lime, a net annual
revenue of $356.09 would be gained from the collection and selling of HA as enriched phosphorus
fertilizer. This equates to an added value of $1.78 per cow annually. The removal results are found in
Figure 3-5.
A strong odor of NH3-N was expected to be smelled coming from the top of the phosphorus
clarifier. However due to an egg shell-like crust that developed on the top of the reactor body, the smell
was greatly diminished. It was hypothesized that this crust formed from excess calcium in the reaction
and aided in the inhibition of NH3-N volatilization from the open top of the clarifier.

3.3.1.2 NITROGEN
In order to see if NH3-N volatilization occurred, the three samples from the P field test were
tested for NH3-N. The average NH3-N concentration of the inlet wastewater was 87.52 mg/L and the
average outlet wastewater concentration was 41.33 mg/L. This is an average loss of 52.77% total NH3-N.
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Figure 3- 4: Imhoff Settling Test
5. 30% HL solution based on volume
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Sample Date
9/13/2010
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9/15/2010
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WW Inlet
Clarifier Outlet
WW Inlet
Clarifier Outlet
WW Inlet
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P Concentration (mg/L)
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25.3
ND
9.03
ND

% Reduction

Figure 3- 5: Total Phosphorus Reduction of Phosphorus Separator
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99.79
99.88
99.67

According to Moreira (Moreira, et al., 2010) the average NH3-N concentration of the raw wastewater was
70.8 mg/L. Assuming a 52.77% loss of NH3-N due to volatilization that would mean that 1.72 kg of NH3N are lost every day. This loss means that the NH3-N must be replaced using commercial nitrogen
fertilizer or anhydrous NH3-N. At a cost of $0.685/lb of anhydrous NH3-N, the loss of NH3-N due to
volatilization could potentially cost $2,500/year in N fertilizer.
These losses occurred due to the open air components of the phosphorus treatment system. With
an open top to both the mixing box and the phosphorus clarifier, NH3-N was allowed to volatilize into the
atmosphere freely. In order to inhibit the volatilization of NH3-N throughout the system either both the
mixing box and the phosphorus clarifier need to have an air tight cover placed over them or the entire
phosphorus and nitrogen treatment system needs to be contained in a single, closed system. At a
minimum the mixing box must be covered. As mentioned previously, the odor expected to be witnessed
coming from the open top of the clarifier was notably absent. The expected odor was however observed
emanating from the mixing box. The losses of NH3-N continued until nitrification began in the bacterial
biofilms in the biological reactor.
Two separate nine-day-long field trials were run to determine the efficiency of the biological
reactor system. Ammonia oxidation was observed from the onset of the first experiment. The initial
concentrations of NH3 - N varied greatly from field trial 1 to field trial 2 and even increased slightly at the
beginning of each experiment. The initial NH3 - N concentrations for field trial 1 and field trial 2 were
7.91 mg/L and 23.67 mg/L respectively. The initial NO2- - N concentrations recorded for both tests were
extremely high. For field trial 1 and field trial 2 the initial NO2- - N values were 947.77 mg/L and
1,204.73 mg/L respectively. The three samples taken from the phosphorus clarifier outlet that were tested
for TP were also tested for NO2- - N and NO3- - N. These samples had initial NO2- - N concentrations of
1.50 mg/L, 0.90 mg/L, and 1.10 mg/L.
The initial NO3- - N concentrations of the field trials were closer to the expected ranges, although
the initial concentration in field trial 1 was still slightly elevated (13.76 mg/L) compared to the NO3concentrations of the 3 samples taken (2.46 mg/L , 1.97 mg/L, and 2.35 mg/L). A stoppage of flow was
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experienced in between days 3, 4, 5, and 6 in field trial 2. The stoppages occurred due to a Ground Fault
Circuit Interface (GFCI) that tripped the circuit in the outlet the recirculation pump was connected to.
Ammonia oxidation was observed from the beginning in both field trials and 50% reduction of
NH3-N occurred on the fifth day of field trial 1 and on the fourth day of field trial 2. Nitrite oxidation was
also observed from the onset of both field trials. Although NO2--N concentrations continued to rise, so did
NO3--N concentrations. In field trial 1, a 20% increase in NO2--N was observed while a 38% increase in
NO3--N was observed over the course of the entire experiment. In field trial 2 a 26% increase in NO2--N
was observed but a 121% increase in NO3--N was observed over the course of the entire experiment. This
increased conversion of both NH3-N and NO2--N represents a maturing nitrifying biofilm on the verge of
becoming fully matured. Figures 3-6 through 3-8 display the graphs of the NH3 - N, NO2- - N, and NO3- N concentrations recorded over the course of the two biological reactor experiments.

3.3.2 DISCUSSION
In order to develop a total nutrient treatment system, the system must be able to do two things:
first it must be able to efficiently and effectively remove P from wastewater and secondly it must be able
to efficiently and effectively oxidize NH3 - N to NO2- - N and NO3- -N. The overwhelming majority of
research dealing with nutrient overuse concentrates on one nutrient specifically such as N or P but very
rarely both.
To fulfill the first criteria the total nutrient treatment system, the phosphorus separator was
developed. The system has the ability to achieve 80% TP reduction in dairy parlor wastewater with
relatively low amounts of lime added due to the large amounts of suspended and dissolved solids present
in dairy parlor wastewater. These solids act as seeds for flocculation and coagulation and assist in the
settling out of P. Although the percent reduction of P observed was uncommonly high in this study, HL
precipitation consistently achieves reductions of above 80% with relatively small amounts of HL solution
added (Sheffield, et al., 2010). In previous work performed by the author of this study and several others,
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Figure 3- 6: Ammonia Concentration in the Biological Reactor
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Figure 3- 7: Nitrite Concentration in the Biological Reactor
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it is known that HL treatments can remove 80% of the TP from agricultural wastewaters and be
cost efficient in doing so (Davis, et al., 2011) (Sheffield, et al., 2010).
The second aspect needed to develop a successful total nutrient treatment system is the treatment
of NH3 - N and its oxidation to NO2- - N and eventually to NO3- - N. The nitrification reactor developed
for this total nutrient system successfully achieved NH3 oxidation from the beginning of the experiment
and even had some initial NO2- - N oxidation. The system saw over a 50% conversion of NH3 - N in 5
days and over a 90% conversion in 8 days for both experiments. If allowed to fully mature, the numbers
of days required to reduce the ammonia concentration would decrease, providing an even more efficient
N conservation. Future designs should: a.) Cover the mixing box and partially the settling cone, and b.)
Increase the surface area for the nitrifying bacteria to grow to improve the removal rate and further reduce
the HRT and reactor volume.
Previous work has proved that biological filters have the ability to treat wastewaters, both
agricultural and municipal, for NH3 - N, NO2- - N, and NO3- - N (Brunty, et al., 2005) (DeBusk, et al.,
2007) (Davis, et al., 2011) (Wang, et al., 2006). Vanotti et. all. In 2003 attempted to increase the
efficiency of soluble P removal by treating swine wastewater with a biological trickling filter before a
chemical P removal treatment step. The efficiency of P removal increased slightly, but the biological filter
began to have issues with clogging and biofouling towards the end of the experiment due to heterotrophic
bacterial growth in the filter.
The biochemical process of nitrification is the most efficient way to achieve treatment of
wastewater for NH3 - N. For an effective, long term solution for nutrient treatment, the problem of
biofouling must be solved. By placing the biological filter after the phosphorus separator, the water
entering the filter has almost all of the organics as well as most of the heterotrophic bacteria that occur
naturally in wastewater removed. In a study on alligator wastewater, over a 99% reduction of fecal
coliforms was observed after wastewater underwent treatment via the lime precipitation system (Davis, et
al., 2011) (Sheffield, et al., 2010). By removing the organic carbon source and the heterotrophic bacteria
from the wastewater, the risk of clogging a filter due to heterotrophic growth is greatly reduced.
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The purpose of treating the wastewater with a biological filter is to oxidize NH3 - N to NO2- - N
and eventually to NO3- - N. This process does two things, firstly it converts NH3 - N to a form that will
not be volatilized and secondly it converts NH3 - N to a form more easily utilized by plants. Nitrite and
nitrate are not lost to the atmosphere due to volatilization like NH3. This volatilization results in loss of
valuable N to the atmosphere. By converting the N to a form that is not lost into the atmosphere, nutrient
conservation is achieved. Also by converting NH3 - N to NO2- - N and NO3- - N the N is in a more usable
form for plants. Nitrate is the useful form of nitrogen for plants and by oxidizing NH3 before it reaches
the plants, it allows for easier conversion and immediate uptake of N once the wastewater is absorbed into
the soil.

3.4 CONCLUSION
The hydrated lime precipitation and nitrification system consisting of rice hulls as a suspended
filter media was found to treat dairy parlor wastewater for both P and N. The HL precipitation treatment
achieved upwards of 99% reduction in total P. The lime treatment also removed all of the suspended
organics making it extremely difficult for heterotrophic bacteria to grow on the surface of the rice hulls.
This contributed to the lack of biofouling in the nitrification reactor witnessed throughout the course of
the experiment.
The nitrification system successfully converted the NH3 present in the wastewater to NO2- - N and
partially to NO3- - N. The 50% reduction of NH3-N to NO2--N in 4 to 5 days is significant for two reasons:
firstly it was significant because the conversion of NH3 - N to NO2- - N prevents the volatilization of NH3
- N into the atmosphere resulting in the loss of valuable N, and secondly it was significant because NO2- N and NO3- - N are more easily utilized by plants. The overall system was successful in treating dairy
parlor wastewater for both P and N. Further research will need to be conducted to create a continuous
treatment system and to test its effectiveness in treating separated dairy flush wastewater or similar
effluents.
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Through both the conversion of volatilized NH3-N and collection of HA, the total nutrient
treatment system has the potential to added a sizeable net revenue to the farm with the N system
potentially saving a total of $2500/year in N fertilizer and the P system adding over $1 to each head of
dairy cattle in the overall herd.
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CHAPTER 4: THESIS CONCLUSION AND
IMPROVEMENTS
4.1 THESIS CONCLUSION
The development and evaluation of pilot-scale comprehensive nutrient management system was
completed through the experimentation preformed in this study. The pilot scale phosphorus clarifier
removed over 80% of the TP contained in alligator wastewater and achieved over 99% removal of TP in
dairy parlor wastewater. The system also demonstrated the ability to potentially provide a secondary
source of income through the sedimentation and collection of HA, a phosphorus rich compound that can
be easily transported and used as a source of high concentration P fertilizer.
The pilot scale nitrification reactor demonstrated the ability to quickly and efficiently oxidize
NH3-N into the less volatile form of NO2--N and eventually to NO3--N. With 50% conversion occurring
on the fifth day in field trial 1 and 50% conversion occurring on the fourth day in field trial 2, conversion
rates of NH3-N to NO2--N would have only increased had further field trials been performed. The
increased conversion rates of both NH3-N and NO2--N observed between the two field trials supports the
theory that a fully mature biofilm was developing within the nitrification reactor and supports the
conclusion that a biological filter is capable of treating wastewater with a high nitrogen concentration
without failing. This rapid oxidation of NH3-N into a less volatile compound also has the potential to
save the agriculture industry thousands of dollars in lost nutrients as well as protect the surrounding
environments from precipitation with potentially high NH3-N concentrations.
Proper wastewater characterization as well as size scaling of the system is required but the system
developed is easily adaptable to any size farm in virtually all conditions. Combined, the two separate
systems form a complete nutrient treatment system that has the ability to both remove P and stabilize N
into a useful form so that future over-usage and mismanagement of nutrients, particularly P and N, can be
prevented.
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4.2 IMPROVEMENTS AND RECOMMENDATIONS
Through the course of experimentation and research problems and issues arise with design,
implementation, and operation of new technologies and systems. Correcting and improving these systems
and technologies allows science and research to further build upon itself and become more efficient and
effective. The design, research, and implementation of the total nutrient treatment system for agricultural
wastewaters were no different. Problems were experienced in each stage of development and logical
improvements as for work needs be discussed. The three previous chapters dealt with phosphorus (P)
treatment, nitrogen (N) treatment, and total nutrient treatment system, respectively. Each process will be
examined, their problems highlighted and potential solutions offered.

4.2.1 PHOSPHORUS TREATMENT SYSTEM
In the P treatment system there were 4 electrically powered components: the wastewater
peristaltic pump, the lime slurry pump, the lime slurry mixer, and the mixer for the mixing box. Two
separate lime slurry pumps were used through the course of the two P treatment experiments: one with a
differential pH pump and one with a peristaltic pump. The differential pH pump was used in the alligator
wastewater treatment while the peristaltic pump was used in the dairy parlor wastewater treatment.

4.2.1.1 ALLIGATOR WASTEWATER TREATMENT
In the alligator wastewater field scale test, only one aspect of the design experienced difficulties,
the differential pH pump (Eatron DLX pH/M). The differential pH pump pumped the hydrated lime
solution into the mixing box from the storage container. The pump initially performed as designed
measuring the pH in the mixing box and supplying lime mixture until the pH in the mixing tank reached a
pH of 12. As the experiment continued, the pump began to overheat, causing the computer in the pump
that calculated the pH to malfunction and give incorrect readings. Once the pump had cooled down, it
provided the correct readings and preformed as prescribed. Two factors led to the overheating: the
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thickness of the lime slurry solution and the inability of the pump to cool itself off. The thickness of the
lime slurry solution is a result of the slurry being 30% HL slurry by volume and will not be changed.
The DLX pH/M was not designed to pump constantly as it was required to do in the alligator
treatment system. Several options were explored in attempts to remove heat from the pump such as
placing large surface area fins on the pump to act as a heat sump and such as placing small fans that blew
across the pump to remove heat, but it was decided that the best solution was to use a pump designed
more for continual pumping of viscous solutions such as the Eatron HD pH metering pump. Such a pump
would allow for constant pumping if required but also provide precise, pH based dosing during operation.
The HD pH metering pump also has the ability to supply a larger volume of lime slurry mixture to the
mixing box. This enables the HD pH pump to provide the same volume as the DLX pH/M with a smaller
operational time, resulting in less heat building up.

4.2.1.2 DAIRY PARLOR WASTEWATER TREATMENT
In the dairy parlor wastewater field tests problems occurred with both peristaltic pumps used. The
first problem occurred in the flexible tubing of the HL solution peristaltic pump. The vacuum experienced
while pulling the HL solution to the pump head caused the flexible tubing to collapse upon itself stopping
flow. The problem in the HL peristaltic pump occurred frequently, causing a complete stoppage in
treatment several times an hour. In order to prevent this from occurring, the upstream end of flexible
tubing in the HL pumping system was replaced with a rigid tube that did not collapse under a vacuum.
A similar problem occurred in the upstream section of the flexible tubing used for the peristaltic
pump that pumped the wastewater from the wastewater storage sump into the mixing box. Because the
storage sump was located underground, a weight was used to ensure that the end of the inlet tubing
remained constantly submerged. Due to the depth of the water level in the sump tank, the weight supplied
considerable tension on the upstream portion of the tubing. After an extended length of pumping, the
combination of a slight vacuum and tension on the flexible tubing caused the tubing to collapse. The
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collapsing in the wastewater pumping system occurred rarely and sporadically so the system was not
changed.
The second set of problems that occurred in the dairy parlor wastewater treatment tests occurred
in both of the peristaltic pump heads. In heads of the pumps, the constant friction on and deformation of
the tubing caused deterioration of the flexible rubber tubing. The high rate of rotation required in the
wastewater peristaltic pump caused the pump head to begin to flatten out the flexible tubing and remove
layers of rubber off of the tubing. Towards the end of the field trials, sections of tubing were so damaged
they were removed from the system. In the HL peristaltic pump, the constant deformation of the tubing
inside the pump head flattened the tubing out. Because the sections of the flexible tubing were flattened,
the pump was not able to create enough suction to pull the HL solution through the rigid tubing from the
storage tank and into the mixing box.
Both problems experienced in the dairy parlor wastewater treatment experiments occurred
because the flexible tubing required to use the peristaltic pumps could not withstand the wear and tear of
constant use over an extended period of time. For future uses in both pilot and full scale systems, it is
recommended that both pumps be replaced. For the wastewater pump, a submersible sump pump should
be used in conjunction with a gate or check valve to control the flow rate. This will eliminate the
problems experienced with the collapsing of the upstream tubing as well as the deterioration of the tubing
inside the peristaltic pump head. For the HL solution pump, a pump such as the Eatron HD pH metering
pump or one similar should be used. This will eliminate both problems that occurred in the upstream
section of the pipe.

4.2.2 NITRIFICATION SYSTEM
The nitrification system was tested on both a lab and field scale. The lab scale had six small
reactors that used small recirculation pumps and small garden circular misters to spread the water evenly
over the media basket. The full scale utilized a ¼ hp sump pump and specially designed nozzle to provide
equal and even flow distribution over the media basket.
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4.2.2.1 LAB SCALE EXPERIMENTATION
Several issues occurred before and during experimentation that may have contributed to less than
ideal performances. The first problem occurred with the initial nitrogen concentration in the synthetic
waste water tests. When mixing the nutrients for the 5 day trial, it was observed that a precipitate had
formed once all of the chemicals had been added to the tank where the synthetic waste water had been
mixed. This precipitate was not noticed until all six reactors had been filled and the experiment had
begun. It is believed that this precipitate removed a significant portion of the nitrogen in the solution. The
same precipitate was not observed when mixing the synthetic waste water for the 10 day trial. The
discrepancy in initial ammonia concentrations for the 10 day trial can be attributed to ammonia
volatilization that naturally occurs when ammonia concentrations reach elevated levels.
Achieving uniform water distribution throughout the entirety of the lab scale biological filter beds
was another problem. The spray from the nozzles formed a circular pattern on the wire mesh about 10
inches in diameter. Although some water did disperse over the mesh and reach the center of the media
basket, the majority of the water dripped onto the media at or very near to this 10 in diameter, possibly
causing non-homogeneous flow through the media basket.
The design of the nozzles used also caused problems relating to uniform water distribution. The
nozzle relied upon spinning, washer-like device to spray the water in an even, circular pattern. These exit
washers constantly became stuck and needed replacement periodically throughout the course of all three
lab scale experiments. Originally, solid residue from the rice hulls were thought to be the reason why the
nozzles clogged repeatedly, but upon closer examination this was found incorrect. According to Zhang et.
al. (1995), biofilms grow where the shear forces in the water are the greatest. This is because at these
areas, the liquid boundary layer, a layer of static water that relies upon diffusion gradients rather than
mixing for the transport of nutrients, is at its smallest. The largest shearing forces, and therefore the
smallest liquid boundary layers, occur near flow constrictions and narrow passages. The nozzle forced the
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water through a constriction before exiting out the spinning washer-like part. Biofilms were observed in
these constrictions, inhibiting the movement and therefore the functionality of the nozzles.
A solution to this problem is to use a nozzle that does evenly spray the water over the top surface
of the filter media. In an unrelated project, a rainfall simulator, a nozzle specifically designed to do this
was used. The nozzle is the Spraying Systems FullJet HH50WSQ Nozzle (Humphry, et al., 2002). In the
lab scale experiments the water flow through the system was not large enough to use these nozzles. The
flow rate for the field scale experiments was large enough to use this nozzle and equal distribution of
waste water was observed.

4.2.3 TOTAL NUTRIENT TREATMENT SYSTEM
The total nutrient treatment (TNT) system is the combination of the dairy parlor wastewater P
treatment system and a field scale N treatment system. If the improvements and recommendations for the
P treatment system above are implemented then the issues specific to it will not occur in the TNT system.
However issues arose regarding the N aspect of the TNT system. The first issue experienced in
the N aspect of the TNT system was water loss. It was observed over the course of each ten day
experiment that a significant portion of water was lost due to evaporation. Almost 190 L (50 gal) were
lost in the first experiment and almost 94 L (25 gal) were lost in the second experiment. The mist formed
when the water exits the nozzle aids in the evaporation from the system as well as the open top to both the
filter media basket and the reactor body. In order to counteract the issue of evaporation the best thing to
do would be to put the entire system indoors, so that evaporation due to sun exposure as well as wind is
minimized. Keeping the system indoors also contains the water that does evaporate, forcing the air around
the system to remain saturated further inhibiting evaporation. However with full scale systems the volume
lost due to evaporation will become a negligible percent of the total volume treated.
The second issue that arose in the N aspect of the TNT system occurred when the power to the
recirculation pump was disconnected. This problem occurred due to a ground fault circuit interface
(GFCI) tripping and disconnecting the power source from the pump. The field scale system was designed
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as a mobile platform that was to be transported from location to location. If this N treatment system is
installed permanently on a location, it should be placed indoors with an electrical outlet that has the
capability of maintaining power to a ¼ hp sump pump.
The goal of the TNT system is to develop a system that can continuously treat the agricultural
wastewater discharged for both P and N. The P treatment aspect of the TNT system operates continuously
as long as all of the components involved function properly. The N treatment aspect of the field scale
TNT system operated in a batch mode however. The N treatment aspect required 10 days for the ammonia
to be removed from the wastewater being treated. The number of days will reduce as the biofilms mature
and become more effective and efficient, but at the current size ratio of N treatment system to P treatment
system, the N treatment will never operate as a continuous process. In order to solve this problem, the size
and number of biological reactors must be increased.
The size of the reactor body needs to be increased so that greater amounts of wastewater can be
treated by each individual reactor. The size of the media beds also need to be increased, but the depth of
the beds should actually be decreased from around 2 ft to about 1 ft. Decreasing the depth of the beds help
to ensure that adequate dissolved oxygen will be delivered to the biofilms in the reactor. The width of the
beds should be greatly increased to allow for more surface area for the bacteria to grow and to allow for
greater treatment efficiency.
A single biological reactor large enough to treat all the wastewater produced from a single dairy
parlor or alligator ranch would be extraordinarily large and expensive. Instead a series of smaller reactors
would not only be less expensive, but much easier to maintain and operate. By applying a series of larger
biological reactors, the entire effluent from a P treatment can be treated for N.

4.2.4 CONCLUSION OF IMPROVEMENTS AND RECOMMENDATIONS
Improvements will always be a part of the design process. The following improvements will
allow for better efficiency and effectiveness in treating agricultural wastewater for both N and P. If the
flexible hoses and pumps used in the P treatment system are replaced with more reliable components such
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as PVC pipes and industrial style pumps, the system will perform as expected and successfully remove
80% or more of the total P present in the wastewater. If the N treatment is moved indoors and provided
with a reliable power supply, water loss due to evaporation will be minimal and stoppages of flow will
not occur due to power loss, resulting in an efficient and effective nitrification reactor. And finally, if the
TNT system is scaled up to the size required to treat large scale agricultural operations for both P and N,
then the reduction in nutrient overuse and mismanagement will be significant.

85

VITA
Troy Francis Davis was born in Covington, Louisiana, United States of America on November
1st, 1987. He received his high school diploma from Saint Paul’s School in Covington, Louisiana in May
of 2005. He received a Bachelor of Science degree from Louisiana State University in May 2009 in
Biological and Agricultural Engineering. In the summer of 2009 he began attending the Louisiana State
University’s graduate school program in the College of Engineering, in Agricultural and Biological
Engineering. He will receive his Master’s Degree in Agricultural and Biological Engineering in May
2011.

86

